Lettuce is highly appreciated for its nutritional properties; however microbial contamination through the food chain and its raw consumption may jeopardize these known benefits to the diet. The objective of this study was to determine the role of the consumer at the stage of washing at home, in relation to the probability of illness due to the presence of Listeria monocytogenes in lettuce. Survival curves of L. monocytogenes after washing (dipping with and without addition of bleach, and washing under a running tap) were studied. A mathematical model for each washing method was calculated by fitting experimental data. The obtained models were used to estimate the probability of illness after washing at home. Results show that although consumers can only deal with low loads of L. monocytogenes, their role is essential to reduce the normal contamination level of lettuces and ensure their safety.
Introduction
Lettuce is one the most brought and consumed vegetables in Europe and the USA. More than a third of the population eat lettuce once a week on average, while three quarters eat salad three times in the same period, meaning there is potential for increased consumption (USDA/Economic Research Service, 2010). Fresh produce is not a common vehicle for foodborne diseases compared with other types of foods. However, absolute safety is not possible and various foodborne pathogenic microorganisms as Listeria monocytogenes have been linked to cases of foodborne infection and isolated from many different varieties of fresh fruit and vegetables (Li-Cohen and Bruhn, 2002; Stopforth et al., 2008) .
Antimicrobial agents are often added to the water used to wash fresh fruit and vegetables to reduce the number of microorganisms (Zhang, el al., 2009 ). Many different disinfectants and application methods have been studied for this purpose in the food industry, for example peoxyacetic acid, chlorine dioxide, ozone, electrolyzed water, chlorine, etc., (Vijayakumar & WolfHall, 2002; Rodgers et al., 2004; Kondo et al 2006; Zhang, et al., 2009) . Of all of them, chlorination is considered to be one of the best ways to minimize the transmission of pathogens and is the most commonly used sanitizer to treat fresh products (Stopforth, et al., 2008) . Sodium hypochlorite is a powerful disinfectant with oxidizing properties, which is active against a wide spectrum of organisms, such as L. monocytogenes and is non-toxic to humans at low concentrations (Dychdala, 1991; Nieuwenhuijsen et al., 2005) .
Preventing foodborne disease requires the cooperation of all the agents (administration, company and consumers) in the food chain. Following this tendency, Doménech et al, 2007 presented the fundamentals of the QRA model from a production perspective to assure food safety under the principles of an integrated framework. This permits consideration of all the agents involved in decision-making on food quality and safety, and all the stages of the food chain, from the farm to fork. Within this framework from the farm to table, most of the progress aimed at the improvement of food safety and quality has been focused on hazard control in primary and secondary production, processing, storage and distribution (Angelillo et al., 2001) . Consumers are considered to be the last line of defence against foodborne illness. In fact, proper food handling at home can maintain a hazard at a safe level even reduce it.
The objective of this study was to determine the role that the consumer plays, at the stage of washing at home, in relation to the exposure to risk due to the presence of L. monocytogenes in lettuce at retail. With this aim in mind, inactivation of this microorganism with different washing methods (dipping with and without the addition of bleach, and washing under a running tap) were studied. Experimental data were fitted to mathematical equations. The resulting models were used to determine the probability of illness and to test whether the protection level recommended by the U.S. Healthy People 2020 initiative (USHP, 2011) is achieved.
Material and methods

2.1.
Preparation of Listeria monocytogenes innoculum L. monocytogenes CECT 936 (Spanish Type Culture Collection, Valencia, Spain) was used in this study. Strains were maintained at 4ºC on Palcam (Oxoid, Cambridge) slants. A loopful was transferred to 10 mL FRASER broth (Sharlau, Barcelona) followed by incubation at 37°C for 24 h to achieve a final cell number of approximately 10 8 CFU/mL. Final concentrations of the inoculum solutions were confirmed by making serial dilutions in deionized water, plated onto Palcam agar (Oxoid, Cambridge) supplemented with 06-110 CASE (Sharlau, Barcelona) and incubated for 24-48 h at 37°C. A final transfer of 10 mL of L. monocytogenes culture was added to 1 L of sterile deionized water.
Lettuce inoculation
Fresh lettuces were obtained from a local wholesale market in Valencia and transported to the laboratory. The product was physically inspected, the core and the wrapper leaves were discarded and selected lettuce leaves were cut into 2.5 g pieces using a sharp knife at room temperature. All samples were stored at 4±2°C for a maximum of 24 h before the inoculation process was carried out. The fresh-cut lettuce was completely immersed in the inoculum solution and kept under constant agitation for 10 min at room temperature.
Solutions and treatment
Chlorine and control solutions, for the dipping treatment, were made immediately before use. The control solution was made with tap water alone, which had a chlorine concentration of 0.7ppm. Chlorine solutions were made by diluting sodium hypochlorite (commercial bleach suitable for food and water sanitising) in the control solution, to achieve concentrations of 4 ppm (approximately two drops), 8 ppm (approximately four drops) and 40 ppm (approximately 1mL of bleach). Concentrations were verified with chlorine concentration test strips (Advantec MHS, Inc., Dublin, CA). In order to simulate real conditions at home, pH was not corrected. Values for each concentration of chlorine were 7.93 ± 0.13; 8.08 ± 0.09; and 9.19 ± 0.094 respectively.
Washing stage
For the dipping treatment, 25 g portions of inoculated cut lettuce were transferred from the inoculation container into new ones, which contained the solutions with different concentrations of chlorine: control (0.7 ppm) and added chlorine (4, 8, 40 ppm) at room temperature for 5, 15 and 30 minutes of contact time.
For the washing under a running tap water treatment, 25 g portions of inoculated cut lettuce were transferred to be rinsed for 10, 20, 30, 45 and 60 seconds under running tap water (0.7ppm) at a constant flow rate 2L/min.
A sodium thiosulphate neutralizing solution was prepared to neutralise the hypochlorite at the end of each established exposure time, prior to analysis of the samples.
Microbial analysis
A 25 g portion of each treatment sample was aseptically transferred into a stomacher bag. Samples were homogenized with 225 mL sterile Fraser broth for 1 min using a Seward Laboratory Homogeneizator (AGB Scientific, Dublin, Ireland). Serial dilutions for each homogenized sample were made in deionized sterile water and plated onto Palcam agar, supplemented with 06-110 CASE. Typical colonies were counted after incubation at 37ºC for 48 h to determine the survival of L. monocytogenes. Counts of this microorganism were performed by following the UNE-EN/ISO 11290-2 enumeration method. Bacterial counts were expressed as Log CFU/g of lettuce. All analyses were made in triplicate.
Predictive reduction models
The empirical values of L. monocytogenes obtained after dipping lettuce in different chlorine treatment solutions and contact time were adjusted to the model shown in Eq.(1), suggested by Peleg (2002) 
Where "N0" is the initial number of cells (CFU/g), "N" the number of survivals after washing treatment, "t" is time of washing and "b(C)" and "n(C)" are concentration dependent coefficients defined by empirical relationships, Eq. (2) and Eq. (3), respectively.
(2)
where "C" is the concentration of sodium hypochlorite and "k1, k2, k3, k4, k5" are constants. The values of the different constants were obtained fitting our experimental data with the help of the statistical program Statgraphics version Centurion XIV for nonlinear regression analysis.
The model for washing under running tap water was also obtained with the empirical values of L. monocytogenes by fitting with the Statgraphics version Centurion XIV to a logarithmic equation, Eq. (4), where "t" is time of washing and "a" and "b" are constants .
The goodness of the fit of both models was assessed using the mean square error (MSE), regression coefficients (R 2 ), accuracy factor (Af), and the bias factor (B).
Mean square error (MSE)
The smaller the MSE values, the better the fit of the model to the data (Chen & Hoover; 2003) Eq (5).
where, "predicted" is the predicted values applying the model, "observed" is experimentally observed data, "n" stands for the number of observations, and "p" the number of parameters to be estimated.
Regression coefficients (R
The higher the value, the better the adequacy of the model to describe the data (Chen & Hoover; 2003) . A value of "1" indicates that the model produces a perfect fit to these data.
Accuracy factor Af
The accuracy factor was proposed by Ross (1996) to evaluate the performance of predictive models. This factor provides a measure of the average difference between observed and predicted values, Eq (6).
Af= 10 ∑│(predicted / observed)│/n (6) The larger the Af value, the less accurate the average estimate, while a value of "1" indicates a perfect fit to data.
Bias factor
The bias factor is defined as Eq (7). Perfect agreement between prediction and observations will lead to a bias factor of "1". In the case of a death model, a bias factor greater than one indicates that the model predicts a higher number of survivors than are observed. Conversely, a bias factor less than one indicates that the model predicts a lower number of survivors than are observed.
Bias factor= 10 ∑(predicted / observed)/n (7) 2.6.5. Statistical analysis In order to ascertain whether the factors: time and concentration of sodium hypochlorite (bleach) are significant in the reduction of L. monocytogenes, an analysis of variance (ANOVA) was conducted using Statgraphics Centurión XVI. The level of significance was set at p < 0.05 for all comparisons.
2.6.6. Simulation
The assessment of risk due to L. monocytogenes on consumption was obtained by simulation, using a Monte Carlo procedure. 10000 iterations per simulation were run using Latin Hypercube sampling. The simulation was built as a spreadsheet model in Microsoft Excel with the @Risk 4.5 (Palisade Newfield) add-on.
For the simulation it was necessary to combine: predictive models, initial load, washing conditions and doseresponse curve. In this case, the obtained predictive models from laboratory results were applied. Also, four initial loads were considered, i.e. normal microbial load in the market and abnormal doses fixed at 3, 6, and 9 Log (CFU/g). Table 1 presents the data used in the simulation of the stage of washing at home. The initial load (retail) is the result of adjusting the data obtained from Abadias et al., 2008 to a probabilistic density function. Distribution of the dipping time, dose of bleach and washing under running tap water were obtained from a survey made in Valencia, where consumers were asked about their behaviour in the handling of vegetables (Doménech et al., 2010) . In relation to washing methods, the percentages considered were 4% of people do not wash vegetables, 84% wash them under running water, 11% place the vegetables in a bowl of water, and only 1% also add chlorine or a commercial solution to the water in the bowl (Li-Cohen and Bruhn, 2002) . Table 2 shows the doseresponse values proposed by FDA/USDA, (2003), which were used to estimate the probability of illness due to the consumption of lettuce contaminated with L. monocytogenes.
Suitability of results
The U.S. Healthy People 2020 initiative, in relation to the level of protection (ALOP), aimed to reduce the rates of listeriosis by 50 percent, to 2 cases per million per year for a base population, for all foods, and all contamination levels (USHP, 2011). Taking into account that the consumption of lettuce in Spain is around 7.56 kg per person per year and the size of each serving is 50g (MAPA, 2009) , the probability of illness must be less than 1.32E-8 listeriosis cases per serving to attain this level of protection. Table 3 shows the reduction of L. monocytogenes obtained after dipping lettuces for different times and doses of bleach, in terms of the mean values (Log CFU/g) and the standard deviations. The results confirm a decrease between 1 and 2 logs depending on the dose (from 4 to 40ppm) and the exposure time (from 1 to 30 minutes). Both parameters are significant, time (p-value=0.0306) and dose (p-value=0.0003). Nevertheless, non significant differences exist between 5 and 15 minutes. Only when dipping is carried out after 30 minutes are significant differences appreciated. In relation to the dose, significant differences are only observed when bleach is added, however non significant differences are observed between 4, 8 and 40ppm.
Results
The dipping model
Fitting the obtained values in this study to the equations 1-3 proposed by Peleg, 2002, gave the predictive model shown in Eq. (7) where "C" is dose of hypochlorite and "t" is dipping time. The good fit at all times and disinfectant doses studied in the predictive dipping model was supported by the values obtained for MSE (0.011), Bias factor (1.0001), R 2 (98.13) and accuracy factor (1.04). Table 4 shows the results obtained for washing under running tap water. In this case, the dose does not change and it is approximately 0.7ppm. The only parameter modified was the time that cut lettuce was under the tap water. As we can observe the main reduction was achieved in the first thirty seconds. In this case, a reduction of 1 Log was possible.
Modelling washing under running tap water
The obtained values were fitted to a logarithmic equation. The predictive model is expressed as Eq 8, where "t" is time of washing. Table 5 shows the probability of illness at home due to the prevalence of L. monocytogenes after the stage of washing at home. The values were expressed in each case by the mean, 5% and 95% percentile. The results showed that for the normal microbial load in the market and the mean value for the abnormal dose of 3 Log (CFU/g) the level of protection proposed by the U.S. Healthy People 2020 would be achieved, however, if the doses were 6, or 9 Log (CFU/g) this level of protection would not be obtained. Table 6 shows the sensibility study carried out in relation to the type of washing and initial dose. The results showed that for the normal contamination of L. monocytogenes, where only 0.1% of the samples were higher than 100CFU/g, any type of washing achieves the protection level recommended by the U.S. Healthy People 2020 initiative (USHP, 2011) . When the dose reaches 3 logs CFU/g, washing under running tap water is not enough and dipping with or without bleach is necessary. However, when the contamination is high, 6 or 9 log CFU/g, none of the studied treatments are effective.
Risk assessment
Discussion
A series of experiments were conducted to analyse the role that the consumer plays in the reduction of risk exposure due to L. monocytogenes prevalence according to how the stage of washing at home is performed. All treatments tested were capable of reducing L. monocytogenes to some extent, however, the effects varied from 0.60 to 1.97 logs depending on the concentration of bleach and exposure time. In all cases, the inoculation and dipping model represents fresh or recent contamination of the product. In theory, this type of contamination would be easier to remove as there is no time for adherence of the bacteria to the surface or to biofilms (Behrsing et al., 2000) . Similar results were found in previous studies, which show that chlorine rinses can decrease the bacterial load by values ranging from <1 logCFU/g to 3.15 logCFU/g depending on the inoculation method, chlorine concentration, contact time, and the target bacteria tested (Zhang and Farber, 1996; Keskinen & Annous, 2011) . Dipping lettuces in 1mL of bleach per litre for 30 minutes was the most effective treatment, reaching a reduction of approximately 2 LogCFU/g. However, with the same dosage, the differences in the reduction reached after 5 and 15 minutes were not significant. Adams et al., 1989 reported that increasing the exposure time of lettuce in a hypochlorite solution from 5 to 30 minutes did not further decrease total microbial numbers. Similarly Zhang & Farber, 1996 found that the load of L. monocytogenes decreased only marginally with increased exposure time from 1 to 10 minutes, regardless of the chlorine concentration. Taking into account the dose factor, a significant difference exists between lettuce dipped with and without bleach, however no significant difference exists between two drops and 1 mL. This may be because in this study pH was not corrected, in order to better simulate real domestic conditions. Nevertheless, effectiveness against microorganisms depends on this parameter, in fact, when NaClO is added to water, pH increases and hypochlorous acid (HOCl), which is the active antimicrobial component, dissociates readily to hypochlorite ions (OCl − ) or chlorine gas (Cl2), which produces a loss of effectiveness (Boyette et al., 1993; Suslow, 2004) . On the other hand, washing under running tap water permits a maximum reduction of the initial load to 1LogCFU/g, reaching this value in approximately 30 seconds; however for the most frequent washing time at home (10 seconds) the reduction is only 0.6 LogCFU/g.
The adjustment of the experimental data to a mathematical equation results in a predictive model that can aid food safety management, since it can be used to simulate the evolution of a hazard according to the characteristic conditions at a given stage or at the end of the food chain (Walls & Scott, 1997; Nauta, 2002; Oscar, 2004; Doménech et al., 2009; Membré & Lambert 2008) . The semi logarithmic survival curves of microorganisms exposed to lethal agents, chemical agents included, is frequently nonlinear (LeClair, et al., 1994; El-Shenawy and Marth 1998; Avsaroglua, et al., 2007; Koseki and Yamamoto, 2007) . The application of the model proposed by Peleg 2002 for sigmoid survival curves, to the results obtained in the laboratory for different doses of bleach and time in the dipping water, and the logarithmic function model for reduction in washing under a running tap for 1 minute, were successful as indicated by the goodness of fit assessed using the mean square error (MSE), regression coefficients (R 2 ), accuracy factor (Af), and the bias factor (B). Application of these models with good results were also found by other authors (San Martín et al., 2007; Bermúdez-Aguirre et al., 2009; Raffellini et al., 2011; López-Gálvez, et al., 2012) .
The obtained models provide a useful tool to investigate the risk to consumers depending on the initial load at retail and the method of washing at home. The results demonstrate that only when the L. monocytogenes load is less than 3 Log (CFU/g) is the level of protection proposed by the U.S. Healthy People 2020 initiative (USHP, 2011) achieved. For this reason, although consumers can only deal with low loads of L. monocytogenes, their role is essential in reducing the normal contamination level of lettuces and ensuring their safety. Table 5 . Probability of illness at home depending on the initial load at retail Initial dose before washing (Log(UFC/g) Mean 5% 95% Table 6 . Sensibility study of different initial load and type of washing
